promotes cooperation with the climate studies in other countries, and enables the early and accurate observation and forecasting of the deteriorating weather conditions in Korea, including yellow dust, local downpours, heavy snowfalls, and typhoons. The payload for meteorological observation has one visible band channel (1 km resolution) and four infrared band channels (4 km resolution), which allow the satellite to perform observation 24 hours a day. It also performs ocean observation . W. Jin et al. 2011) .
2) Google Earth
Google Earth is the world's first satellite image map service that provides the whole world regions information including satellite images, maps, topography and 3D building information and so on. Google released a plug-in for a browser of Google Earth and Javascript API (Choi and Yang, 2009 
3) Meteorological-data visualization trend
There are diverse types of climate change data, and they are visualized together to ensure diversified analysis. Many climate-related organizations in the world (e.g., IPCC, UNFCCC) are cooperating with Google to study and provide the service of visualizing Korean Journal of Remote Sensing, Vol.27, No.6, 2011 -754- Fig. 1 shows the observation area of Chollian satellite and its 5 kinds of observation modes such as LA, APNH, ENH, LSH and FD depending on the area of an observation region (Jin et al., 2011 provides general weather forecasts, and when a typhoon comes, it shows the updated typhoon track and influence radius estimated in three-hour intervals (Fig. 3) , and forecasts the influence range of the typhoon for each municipal and provincial area (Kim et al., 2008) .
A Study on the 3D Visualization of Typhoons Using the COMS Data -755- visualization must be developed.
Design of 3D Visualization Techniques
In this chapter, the design concept and technique for visualizing the COMS data is presented. The system that was proposed in the Spring Conference of Korea Information Processing Society (May 2011), was expanded to include the processing of the COMS data "Climate Change Visualization Service Design" . This chapter describes the system structure, platform structure, system flow, and data processing algorithm. 
1) System structure

2) Platform structure
The platform of this system has seven stages, as shown in Fig. 5 . Several server nodes and CentOS compose the hardware and system software. The server nodes were configured to manage and process large-volume files, and CentOS was used for realKorean Journal of Remote Sensing, Vol.27, No.6, 2011 -756- 
3) System flow
4) Data processing
The data of Typhoon No. 9, Muifa, in 2011 (July 28-September 9) are as follows (in the HDF5 data format). Among the five channels, the IR1 and VIS channels were used, as shown in Table 1 .
Using the data-processing module that was developed with the HDF library, the cloud top height and cloud condition were extracted using the brightness temperature (TBB) of the IR1 channel.
The albedo of the VIS channel was also extracted.
The current algorithm was not used to detect clouds and cloud top height estimation, and IR1's TBB value below a dew point (an absolute temperature of 273) was considered a cloud. Cloud top height estimation was calculated by assuming the lowest height from 3Km to the highest height at 13Km. The typhoon KML data were created by integrating the three extracted data and cloud particle images. The latitude and longitude of the data in each grid were created via preprocessing, with the center of the Chollian satellite image (0 latitude and 128.2 longitude) as the reference (Fig. 7) .
A Study on the 3D Visualization of Typhoons Using the COMS Data -757- 
5) 3D cloud particles for visualization
In order to visualize the each cell of satellite cloud image on the 3D digital globe space, two types of cloud particle are devised, image particle and line particle. The image particle has a 128-bit PNG (Portable Network Graphics) format and 256 colors in the gray system (Fig. 8 ). The line type particle is composed of horizontal and vertical lines (Fig 9) .
Both of two types of cloud particles have gray value between 0 and 255.
If the image particle is used, more realistic clouds visualization can be created (Fig. 10) . However, it takes up a lot of system resources and thus makes it difficult to simulate a smooth moving cloud. The line particle method rather lacks of realistic representation, but takes up less resources and enables the movement Korean Journal of Remote Sensing, Vol.27, No.6, 2011 -758- of clouds in the simulation more smooth and efficient (Fig. 11) . Depending on the intended use, the form of a cloud of particles can be selected By converting the calculated data into KML data using the proposed system, typhoon images were created (Fig. 13) . By mapping the cloud particle VIS value, 3D typhoon images were created (Fig. 14) .
Result Images
Chollian satellite data are 2D data without an altitude value. Through a technique suggested in this study, we were able to run a simulation on the moving video of a three-dimensional typhoon by a 15-minute interval on Google Earth by applying an altitude to the satellite video's cloud particle.
Conclusion and Future Research
The development and launching of the Chollian satellite is meaningful in many ways. In terms of meteorological observation, Korea had been depending on Japanese satellite data, but it eventually became the world's seventh country that owns a meteorological satellite, making quick and accurate weather forecasts possible. Meanwhile, studies on the use of the Chollian satellite data must be conducted.
Visualization techniques are being studied worldwide for the efficient analysis of satellite A Study on the 3D Visualization of Typhoons Using the COMS Data -759- images, but there have been few studies on the satellite image visualization technique. The characteristics of the satellite image data must be analyzed, and the requirements for visualization must be collected and analyzed. In addition, the factors influencing the effectiveness of the visualization technique must be studied.
An efficient three-dimensional technique was developed to visualize typhoons on the virtual globes using the Chollian satellite data. Through this technique, The results of this study will provide climate change researchers with an intuitive satellite data visualization tool, and will improve efficiency of their study. In addition, it will make it easy for civilians to obtain the visualized satellite images on the virtual globes, which will help them understand climate change and obtain relevant education regarding it.
The further study will address the efficient processing of the COMS data and the buffering minimization on the virtual globes to ensure optimal visualization. Besides typhoon visualization, this study can also be applied to the scientific visualization in diverse sectors.
